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III. A PRACTICAL BICYCLE ERGOMETER TEST OF
FITNESS FOR ADOLESCENTS
J. ROSWELL GALLAGHER, C. D. GALLAGHER, AND LUCIEN BROUHA
In a previous report results of a bicycle ergometer test of fitness
in which the amount of work given every subject was kept constant
have been described.' When the duration of exercise, the friction
load, and the rate at which the bicycle was ridden were kept the
same, regardless of the age or size of the adolescent, large numbers
of the boys were unable to fulfill the conditions of the test. Among
the smaller boys lower fitness scores were obtained and this sug-
gested that the work load should be adjusted to the size of the
subject. The present report describes a method of giving to ado-
lescents a'bicycle fitness test which is relatively rapid, which provides
sufficiently strenuous but not excessively severe exercise, and which
divides adolescents into size groups to each of which an appropriate
work load can be given. No effort was made to devise a method
of assigning an amount of work rigidly adjusted to each individual:
it was considered more practical merely to divide the 165 boys,
ranging in age from 13 to 20 years, into three groups on the basis
of their body-surface area. By means of that relatively simple
apportioning of the work load, fitness scores, whose variation from
individual to individual was chiefly dependent upon the relative fit-
ness of the individual and less upon differences in the severity of
the work for each of them, were obtained. When one is testing
large numbers, the time factor is important. The exercise period
was reduced from 5 to 4 minutes without decreasing the severity of
the test more than is desirable, and a study was made of the feasi-
bility of counting the final recovery pulse at from 3 to 3.5 minutes
instead of at from 4 to 4.5 minutes after exercise. It has been
found possible by these changes to give each test in 7.5 minutes;
if two observers can work together and if the recovery pulses are
taken by hand, as many as 12 boys can be tested in an hour on one
bicycle.
Method
All available students at a summer school were studied. This group of
165 boys ranged in age from 13 to 20 years and in body-surface area fromYALE JOURNAL OF BIOLOGY AND MEDICINE
1.06 square meters to 2.23 square meters (Table 1). These boys were
divided on the basis of previous studies' into three groups: Group I included
all boys whose body-surface area was not greater than 1.74 square meters
except that those who were 17 or more years of age were assigned to
Group II; Group II included (a) all boys whose body-surface area was
between 1.75 and 1.84 square meters, inclusive, (b) boys whose body-surface
area was less than 1.75 square meters but whose age was greater than 16
years, and (c) those boys whose body-surface area was more than 1.85 square
meters but whose age was less than 15 years; and Group III, all boys over
14 years of age whose body-surface area was greater than 1.85 square meters.
All boys were asked to ride the same bicycle ergometer for 4 minutes at a rate
of 20 miles per hour, but the friction load for Group I was adjusted to 3.5
pounds, for Group II to 4 pounds, and for Group III to 5 pounds. During
the exercise and subsequent recovery period a continuous heart rate recording
was taken on a Guillemin cardiotachometer. Physical fitness scores were
calculated by means of the fitness index formula.2
The division into groups on the basis of body-surface area is based on our
previous experience with this type of testing within this age group. It was
felt to be wise to make some exceptions to the body-surface area classification
for certain of the older boys whose stature was small and also for some of
the younger boys who had obviously grown extremely rapidly.
TABLE I
VARIOUS DESCRIPTIVE DATA CONCERNING ALL MEMBERS OF THE STUDY
GroupI Group II Group III
Cases 54 52 59
Age-Range .6................... 13-16 14-20 15-19
Average 1 5.1... I5.1 16.1 16.4
Body-surface-Area (Square meters)
Range .1.06-1.73 1.51-1.96 1.85-2.23
Average .................62 1.76 1.92
Height (inches)-Range .............. 60-71 65-72 68-76
Average ............ 54 52 59
Weight (pounds)-Range ............ 80-149 110-179 135-224
Average .......... 123.4 143.4 163.7
Results
1. Practicability and severity of the test.
Only 4 individuals failed to fulfill the conditions of the test, and
each of these was obviously in very poor physical condition. All of
these boys. were in Group III: one averaged 17 miles per hour, one
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18 miles per hour, and two 19 miles per hour. When the weight
load was kept constant, regardless of size or age, and the exercise
kept up for 5 minutes, over 40 per cent of a similar group of boys
were unable to maintain 20 miles per hour; 7 per cent of that group
became nauseated.' There was neither nausea nor signs of excessive
fatigue under the conditions of the present test. Two boys who
were very homesick and who had come to the test without breakfast
were nauseated but they have not been included in this group.
The increased practicajbility of these conditions over those previ-
ously used is obvious. In order properly to assess fitness, however,
it is necessary to be certain that the test work cannot be maintained
in a steady state: to determine fitness for hard work it is essential
that the test itself be strenuous. Heart rate recordings (Table 2)
indicate that the work was sufficiently strenuous so that the aver-
TABLE 2
DISTRIBUTION OF HEART RATES PER MINUTE FOR MEMBERS OF EACH GROUP
DURING THE 1./2-2, 2/2-3, AND 3/2-4 MINUTES OF EXERCISE
Group 1 GroupII Grout 11
Ratesper, A
I'e# I
minute 15/2-2 2/2-3 35/2-4 152-2 2/2-3 352-4 15/2-2 25/2-3 3X2-4
128-1 30 1 0 0 0 0 0 0 0 0
132-134 0 0 0 0 0 0 0 0 0
136-138 1 0 0 1 0 0 1 0 0
140-142 0 1 1 1 0 I 0 1 0
144-146 1 1 1 1 3 1 1 0 0
148-150 0 1 1 1 0 0 1 1 0
152-154 4 2 0 2 1 1 2 1 0
156-158 10 2 1 4 4 4 2 0 0
160-162 5 7 6 12 4 2 8 4 4
164-166 7 8 6 7 3 3 4 5 3
168-170 10 11 6 8 12 9 15 4 7
172-174 2 4 2 5 5 9 5 13 8
176-178 8 10 7 4 8 6 7 12 9
180-182 1 0 4 3 2 2 7 3 6
184-186 1 4 3 2 6 7 3 4 8
188-190 1 0 3 1 4 5 1 5 5
192-194 1 2 2 0 0 2 1 5 4
196-198 1 0 0 0 0 0 1 1 5
200-202 0 0 1 0 0 0 0 0 0
204-206 0 1 0 0 0 0 0 0 0
Average 164.8 168.2 171.2 165.2 170.0 172.2 169.0 174.0 178.4
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age heart rate was over 160 per minute during the interval between
1.5 and 2 minutes after exercise commenced, and rose to over 170
per minute during the last 30 seconds of exercise.
Only 29 of the 165 boys had heart rates which did not increase
during the last two intervals; the average increase from the 1.5 to 2
minute to the 3.5 to 4 minute interval for all boys, regardless of
group, was 7.2 beats per minute (Table 2a).
TABLE 2A
INCREASE IN HEART RATE FROM THE I 2-2 MINUTE TO THE 3Y2-4
MINUTE INTERVAL DURING EXERCISE
Number of
beats increase
per minute Group I Group II Group III Total
0 .................................. 7 8 14 29
4 .................................. 20 12 9 41
8 .................................. 13 19 14 46
12 .6 6 10 22
16 .................................. 6 3 8 17
20 .................................. 0 4 2 6
24 .................................. 2 0 2 4
Five of the 29 boys, all in excellent condition, had heart rates
of less than 160 at the 1.5 to 2 minute interval, but all of the others
whose rate did not increase during the last two minutes of exercise
had heart rates of over 160 at the 1.5 to 2 minute interval, and 17
of these had heart rates of over 170 per minute.
TABLE 3
DATA CONCERNING THE SUBJECTS WITH THE FIVE LOWEST HEART RATES
AT THE 1 2-2 MINUTE INTERVAL
Heart rate during exercise
Case Group 1p2-2 2 2-3 33/2-4 minutes
D.B ......................3 132 140 148
E. F. ........ .............. 3 136 144 144
R.H . .....................4 136 144 144
E. L ...................... 4 140 144 152
R.D ......................5 136 140 140
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The 5 boys who had the lowest heart rates during the 1.5 to 2
minute interval were all in excellent condition; all of these showed
an increase in maximum rate during the following minutes of exer-
cise (Table 3).
These data and our observation of the subjects at work indicate
that the conditions of the test were sufficiently severe.
2. Calculation of fitness index.
The fitness index formula originally require
rates be taken at 1 to 1.5, 2 to 2.5, and 4 to
exercise had ceased.2 The saving of even one
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FIG. 1. Comparison of fitness indices obtained with the pulses
counted at 1, 2, and 3 minutes of recovery versus pulses counted at
1, 2, and 5 minutes of recovery.
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method of calculation is used; only 12 of the 176 scores varied more
than 3 points regardless of the time at which the third heart rate was
determined. In only one instance (that individual's rate varied 8
points) did the various methods produce scores which were more
than 5 points apart: Fig. 1 illustrates this point.
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Table 4a furnishes data on the range and average of heart rates
during the recovery period.
TABLE 4
DATA SHOWING THE SIMILARITY BETWEEN RECOVERY INDICES CALCULATED ON THE
BASIS OF HEART RATES TAKEN AT 1-1f/2, 2-2;/2, 3-3y/2, OR 1-1 /2, 2-2X2,
44X2, OR 1-1X2, 2-2y2, AND 5-5Y2 MINUTES AFTER EXERCISE
Group I Group II Group III
Number with same score, any method .................. 8 10 10
Number score varying 1-3 points from either
method ................................... 42 40 43
Number varying more than 3 points any method 4 2 6
3. Equality of method of apportioning work.
The adjustment of the work load, according to the body-surface
group to which the subject belonged, has been shown to avoid caus-
TABLE 4A
RANGE AND AVERAGES OF HEART RATES DURING THE RECOVERY PERIOD
AFTER EXERCISE
Group! (54) Group 11 (52) Group III (59)
Range
1 min. ............. 80-184 100-164 96-184
2 min . ............. 84-168 88-148 80-180
3 min ............... 76-148 88-144 80-156
Average
1mn .128 131 140
2 mn. .117 120 124
3 min . ............. 110 112 117
ing severe exhaustion and to have allowed almost all the boys to
maintain the same rate (20 miles per hour) on the bicycle. This
rough approximation of work load to size of subject was not intended
to allow an exact relative fitness ranking of all the individuals tested,
but it was hoped that approximately the same average fitness indices
would be obtained in each of the body-surface groups. The dis-BICYCLE ERGOMETER TEST OF FITNESS 685
tribution of fitness indices for each group is given in Table 5. The
averages for each group were found to be quite similar (Group I,
TABLE 5
DISTRIBUTION OF FITNESS INDICES FOR EACH OF THE BODY-SURFACE AREA GROUPS.
(SCORE CALCULATED ON HEART RATES TAKEN AT 1, 2, AND 3
MINUTES AFTER EXERCISE)
Score 40-4445-4950-54 55-5960-64 65-6970-74 75-7980-8485-89 90-9495-99100-104
Gr. I 0 1 2 4 12 12 10 6 6 0 0 0 1
Gr. II 0 0 1 6 14 15 11 3 1 1 0 0 0
Gr. III 1 0 9 10 8 15 13 1 1 0 1 0 0
68.6; Group II, 66.9; and Group III, 64.1), but it seems likely
that the work given Group I was relatively easier for its members
TABLE 6
AVERAGE FITNESS INDEX BY BODY-SURFACE AREA WITHIN EACH GROUP
Body-surface
area
1.06
1.30
1.40-1.49
1;50-1.59
1.60-1.69
1.70-1.79
1.50-1.59
1.60-1.69
1.70-1.79
1.80-1.89
1.90-1.99
1.80-1.89
1.90-1.99
2.00-2.09
2.10-2.20
Average fitness
index
72.0
58.0
65.3
69.3
65.9
72.3
61.5
71.8
65.1
66.8
69.3
61.5
64.2
66.9
66.3
than that given Group III. Table 5 shows that fitness scores of 75
or more were attained by more of the boys in Group I than in both
Group II and Group III, and that many more members of Group III
than of Group I had scores of less than 60.
Group
I
I
I
I
I
I
II
II
II
II
II
III
III
III
III
Cases
4
10
18
20
2
4
20
23
3
23
26
7
3
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The calculation ofaverage fitness indices forbody-surface groups
within Groups I, II, and III (Table 6) suggests that it was the
larger boys in Group I who raised their group average and the
smaller boys in Group III who depressed it. The relative import-
ance of size and fitness in such a series is difficult to evaluate-the
7 boys in Group I who had scores of 80 or better average only
slightly more (1.64 square meters) than the group body-surface
GROUP I
GROUP! -0
GROUPKM
BODY SURFACE AREA SQUARE METERS
FIG. 2. The distribution of fitness indices at various body-surface-area
levels for each of the three groups.
average and were all obviously in fine condition; the 11 boys in
Group III who had scores of less than 55 did not deviate much (.05
square meters) from the average size of the group, and they were
just as obviously in very poor condition.
Figure 2 clearly illustrates the wide variation in fitness which
occurs in groups of approximately the same size and whose work
load was the same, and emphasizes the relative importance of fitness
rather than size in determining the fitness index. The relatively
slight improvement in average fitness index with increase in size
within each group (Table 6) indicates that our work load was fairly
well apportioned. It was our purpose to provide a work load
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which all but a few boys could carry and which would permit a
means of comparing each boy's present score with his future ones
and would also allow a rough comparison with the scores of other
boys of the same or different age and size. It is probably true that
the apparent slight inequalities in the work load could be corrected
by making slight changes in the definition of each of the groups:
the 4 boys in Group I who had scores of 80 or more all had body
surfaces of 1.70 or more square meters, and it seems reasonable to
suggest that Group II include boys ranging from 1.70 square meters
rather than from 1.74 square meters; the boys with the 4 lowest
scores in Group III all had surface areas of 1.85 square meters or
1.86 square meters, and it might be well to include in Group III
only those whose surface area is 1.90 or more square meters. Only
two of the nine 15-year-old boys in Group III had lowfitness scores,
but it is probably wise to suggest that all 15-year-old boys be
excluded from this group. The revised division of individuals
which we would, on the basis of this experience, suggest is this:
Group I-All boys whose body-surface area is less than 1.75 square
meters, except those who are 17 or more years of age.
Group II-(a) Boys whose body-surface area is between 1.75 and 1.90
square meters.
(b) Boys whose body-surface area is less than 1.75 square meters
but who are 17 years or more of age.
(c) Boys whose body-surface area is more than 1.90 square meters
but who are not 16 years of age.
Group III-All boys whose body-surface area is 1.90 or more square
meters except those who are not yet 16 years of age.
Summary
1. A method of testing the dynamic physical fitness of adoles-
cents on a bicycle ergometer is described and criteria are suggested
for the adjustment ofthe work load to compensate for the variations
of size within members of this age group.
2. The practicability of the conditions of this test is evidenced
by the fact that only 4 of the 165 boys tested were unable to fulfill
its requirements.
3. That the test conditions were sufficiently severe so that a
valid measure of fitness for strenuous work could be obtained is
indicated bythe height ofthe individual's heart rates during exercise,
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by the fact that all but S of them had a heart rate of more than 150
during exercise, and by the wide variations in fitness scores which
were found.
4. Calculations of fitness indices upon three heart rates taken
during the first 3.5 minutes after exercise were found to agree closely
with those utilizing heart rates taken 1 or 2 minutes later in the
recovery period.
5. Evidence is given to indicate that apportionment of the work
load on the basis of body-surface area can yield fitness scores which
permit a valuable comparison between individuals of different size.
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